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PROCESS FOR PRODUCING L-ARGININE 



As the fermentation Droces^ w L 

bacteria of the genus ^^tStSSZ 1 "*H»*«* coryneform 

wh,ch mutants derived from wild type slral^^S Z haVe been known Presses in 

producng mutants include strains endoS wi£ rSlf "* Wad - <* *•» L-arginine^ 

Agnc Biol. Chem.. 36. 1675-1684 (19 7 2 ). Japanesf plth^ p ^ base - rec > uir ement. as described in 

^ss^ssr Patent *~ - — 

L-arginine. For exampTe.^S ^J^TT? ?^ ^no,og y can be used for producing 
S T fra 9-ent containing a gene of an enzyme reSino l^? 9 ' reCOmbinant P^mid DNA including 
2*Sg!S coli in a strain of the genus C^S^^T^ ° f ar9in ' ne and derived *«" & 

producing this amino acid has been desS reCent W fUrther ini P™ement in the process for 

'5 As a result of intensive studies to increase th. i * m - ■ 

*• 9enus Corvnebacteri.,rn or B**J^££^ <* a microorganism belonging to 

■ty could be increased byTntro d ^ ing a ^eco Sbin ', , ' ° NA techno, °gy. « was found that productiv- 
that codes for an e n2 yme renting Xe Z^T^T' * *™ °< 

or Brevbactenum (Japanese Published Unexamined I Pat- nt a r ° * ^ ° f the Qenus C o T ynebacteri ^ 
ST oST? K h3t StrafnS With hiaher ^reToZ^ll P T° n 66989/85 >- ^heTstudieshave 
nLmH ? ? y ' ntr0ducin 9 *• a microorganism o .Je oenJ^ ^ P^^^ng strains can 
recombinant p.asm,d containing a gene-tha? relates to the svnthL^F^^ 0r ^bacterium a 

cL 9 n^L C ° nS,Sbng ° f th ° Se re,atina «° *» bSyn^sfs ofT!'? * 006 6nzyme selected from 
Corynebactenum or Brevibacterium particularlv N »™ ! ♦ l " ar S'™ne in a microorganism of the genus 
» "- ace ^ltfamy«- P l£^^ «*•— (hereinafter abbreviated to AGK) 

ferase (hereinafter abbreviated to AOAT) Jn^Iiti?^* d * AGPR) ' ^^ornithine-J-aminoS 
enzyme having an activity to alter N -acety o uta^S 1 ,transferas e (hereinafter abbreviated to ^OctTSi 
mutants of Escnefi whjch n*^^^^ 

invention hTOS^JS o^~* " 
The present invention relates to a n ,,na, ngs. 

SS"„-™ d T * micro »9^ Wong* ^ to^^CS™.^ 9 "*" """ Ch """P*" >»**>« 1" « 

«> mulated in the culture broth. Thus. IteZs^ZZ^n™' recoverin ° L-argini ne formed ' a^ acc u - 
. the manufacture of ^JS* ^^^^ 

expressed in KilobaL <kb) tKtJ^'^ a loT » r **^-^&£JL£% 

£T?°r en2ymes derived <™ 

by the th,ck sol,d l,neso7 pCar g1 andT C a Vgn P ~ ° C 13870 are ,nclude d in the parts indicated 
i he present invention provides a nnwJ. « 
so culture medium a microorganism b-on^^.J'^S? ^ r9inin6 ^ C ° mprises cu »^"9 »" a 
recombmant DNA composed of a vector ONA and a divIa g° rynebacte "" m °r Brevibacterium that carries a 
to the genus Corynebacte^ 0 r Bre^iTan^ JnT^ ^ fra ™ a microorganism betongL 
or moreT^e^ information re.ating to the synthesS of 

L-arg,n.ne therefrom. S> accur ""'at.ng L-arg,n,ne in the culture broth; and recovering 
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The genetic information relating to the synthesis of an L-arginine-biosynthetic enzyme relates to. for 
example the synthesis of at least one of AGK. AGPB. AO AT, OCT. an enzyme having an activity to alter 
AGS-deficient mutants of Escherichia coli which have arginine-requirement to non-argm.ne-requ.nng strains, 
and an enzyme having an activity to alter AODfdeficient mutants of Escherichia coli which have argimne- 
5 requirement to non-arginine-requiring strains. / 

Any of the strains known as glutamic acid-producing coryneform bacteria may be used as the host 
microorganism belonging to the genus Gorynebacterium or Brevibacterium. Preferred examples are as 
follows. 

Corynebacterium glutamicum ATCC 13032 
jo Corynebacterium glutamicum ATCC 31833 

Corynebacterium acetoacidophilum ATCC 13870 

Corynebacterium herculis " ATCC 13868 

Corynebacterium lilium ATCC 15990 

Brevibacteriumdivaricatum ATCC 14020 
fs Brevibacterium flavum ATCC 14067 

Brevibacterium imaliophilum ATCC 14068 

Brevibacterium lactofermentum ATCC 1 3869 

Brevibacterium thiogenitalis ATCC 19240 
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Besides wild-type strains having no ability to produce L-arginine, mutants capable of producing L- 
arginine. such as those resistant to amino acid analogues and other known mutants, may be used as the 
host microorganism. 

As the donor strain of the gene encoding the enzyme relating to the biosyrrthes.s of L-arginine any 
glutamic acid-producing coryneform bacterium having the corresponding enzyme activity may be used. For 
example, wild-type strains of the genus Corynebacterium or Brevibacterium. and L-arg.n.ne-produc.ng 
mutants derived therefrom are employed. Chromosomal DNA of these strains can be isolated, as disclosed 
in -Japanese Published Unexamined Patent Application No. 126789/83. by treating the cells that have been 
treated with penicillin during culturing with lysozyme and a surface-active agent for bactenolys.s. and 
removing proteins by a conventional method, followed by precipitation with ethanol. 

As the vector for inserting a DNA fragment obtained from the chromosomal DNA and containing the 
gene encoding an enzyme relating to the biosynthesis of L-arginine. any plasmid which is autonomously 
replicable in microorganisms belonging to the genus Corynebacterium or Brevibacterium may^e used. 
Examples of such plasmids are pCGI (Japanese Published Unexamined Patent Application No. 134500/82). 
«CG2 (Japanese Published Unexamined Patent Application No. 35197/83). pCG4 and pCGH (Japanese 
Published Unexamined Patent Application No. 183799/82). pCE51. pCE52 and pCE53 [Mol. Gen. Genet.. 
196 175 (1984)] and pCE54 and pCB101 (Japanese Published Unexamined Patent Application No. 
105999/83) As disclosed in Japanese Published Unexamined Patent Application Nos. 134500/82 and 
186489/82 plasmid vectors can be isolated and purified as ccc-DNA by treating the cells wrth lysozyme 
and a surface-active agent for bacteriolysis, preparing the cleared lyzate therefrom, precipitating DNAs with 
polyethylene glycol, and subjecting the DNAs thus obtained to cesium chloride/ethidium bromide densrty- 
qradient centrifugation. 

The recombinant DNA composed of a vector plasmid and a DNA fragment containing the gene 
encoding an enzyme relating to the biosynthesis of arginine can be obtained as a mixture with vanous 
recombinant DNAs according to the ordinary procedures, by cleaving the chromosomal DNA and the vector 
plasmid DNA with a restriction enzyme followed by. if necessary, treatment of the cleaved ends with a 
terminal transferase or DNA polymerase, and ligating both DNAs by the action of a DNA ligase [Methods .n 
Enzymology. 68 (1979)]. 

The mixture of ligated DNAs thus obtained is used to transform a mutant strain of the genus 
Cory nebacterium or Brevibacterium deficient in an enzyme relating to the biosynthesis of arginine. and a 
transforms in which the deficiency is complemented is selected. Transformation of a stram of the genus 
Coryn ebacterium or Brevibacterium can be carried out by the method using protoplasts (Japanese 
Published Unexamined Patent Application Nos. 186492/82 and 186489/82. specifically described m Exam- 
ples) The recombinant plasmid composed of a vector DNA and a DNA fragment containing the gene of the 
ss enzyme that relates to the biosynthesis of arginine can be obtained from the transformant by recombmant 
DNA techniques. 
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Alternatively, a host-vector Qvctom ~„ u- 
-ished such as that of Esc^S^y I tedZtocHf T "f^ **" ^ ^ab- 

•s d.rectly selected uSrrWn^^^rJi^ "T™ by wWch the ™»"W"«t DNA 
That is. in vitro reaction product of the liaaZ 3 ?T> ° r Brevibacteriu " as described above 

r containing the said gene is used to tnS a mutTS LTh * TT*^ & "* 3 DNA 

enzyme that relates to the biosynthesis of arg™ ne A ~ defident in the 9 ene of the 
.s selected, and a cloned DNA fragment con tainL mHlT " the de,idency is complemented 
cloned DNA fragment is recombined with the vT«2 S^tST " °? ained ^ the transforma nt " The 

J. ^ed^^^ ~ « <~~ enzyme can 

Brev.bacterium. The recombinant DNA is intod.^ • 7 * P Stran ° f the 9 enus -Porynebacteri um or 
Brevibacterium through ^.-tonn^,^^^^^^ °< the genusl^^ 

It « known that, in g.utamic acid-produdng corvne n m * ° f *• Strai " can ^ increased. 

Corynebacterium or Breyib^cterium. ^e synthe^s of Z * ° 38 micro °^sms of the genus 

thaT7?J S ^ PreSSedV ^^ in the L^gWn. syndetic 

that. AGK. the second enzyme in the L-argin ne synthetic " nath ' ~ 105 (1979)J ' 11 is also kn °™ 

arg.n.ne [Udaka. S.. J. Bacteriol.. 91. 617 (iS S , P '* SUbjeCt t0 feedback '"hibition by 

of the enzymes encoded by the J^^^^J? 10 " Synthesis a " d catalytic taction" 
would be affected by arginine. Therefore. ^ZZZVtoZlT^ g°^ nebacteri "" or B^g^ctgrium 
gene free from contro. by arginine in order to further ^«l u ? t K reCOmb,nant P |asm * cont aining a mutant 
Plasmas containing a mutant gene free fZ ^ntTtyZ^nJ^nT^T productivity - Such recombinan 
DNA of a mutant strain containing the gene of AGK in^ f * ° bta ' ned by usin 9 the chromosomal 
selected based on the resistance to l^^ J^TT^ * inhibition by L-arginine. which is 
as ,n the case of the wild-type gene as dLcriSJSSS Hi l ° * e same 

thesis of arginine can be inrn^^S^ * Wi,tHyPe * mUtant 9 ene -' a «"9 to the biosyn- 
transformation method: using a P nZ^^^ SSSB ?'SB^ or B^e^ctenum by "he" 
transformant carrying the recombinant S^c^S^J^^^ ° f ^ginine by such a 
process for producing L-arginine by fermentation by ** S3me method as in a conventional 

^5 The transformant is cultured in 

sources, inorganic compounds. C3rbon s °»™*- nitrogen 

adjusting the temperature. P H. etc. id L-a^S a " UtrientS Under aerobic conditions wSe 

Tthe ca accumulated in the culture medium is recovered 

mannose.^^ glycero.. fructose, sucrose, maltose. 

ac,d. fumanc acid, lactic acid and acetic acid can te usl p ^ Va "° US ° rQaniC *** such as Py™vic 
be used depending upon the assimilabl e^ me ^s^eml To • hydrocart > on *- etc can 

preferably used. * of me stra "i employed. Particularly, blackstrap molasses is 

ch-o^^ ammonium salts such as ammonium 

conta.n,ng substances; and nitrogen^ontaining ^anic s ,TcT aCState: Ufea and other "''frogen- 

extract. yeast extract, com steep , iqU or S SSL? ^ SUCh 33 peptone ' "Z-amine. meat 

^t^-ssri di9ested product - de,atted 

mo.um r a te%mmo 0 nrr o ^ P-sium dihydrogenphosphate. am- 

sulfate, calcium carbonate, etc. can be used Amino !' " m Ch,0ride - ferrous s ""ate. manganese 

sup S v r • !T~??=l=ir need not be — if ^ « 

spring culture. preferab,y at a temper^ S^STa?i~ 5 ^ ^ ° f by — 
ma.nta,ned around neutrality during the cultivation taroinIL :. " PH ° f *" medium is P ref ^ ab 'y 

cultunng for one to five days. ar9 ' nine ls accumulated in the medium usually by 
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After being cultured, the cells are removed from the culture broth, and the resulting culture liquor is 
treated in a known manner (e.g.. treatment with activated carbon or ion-exchange resins) to recover L- 

af9 ' L-Trginine can thus be produced in higher yields by using a strain of the genus Corynebacterium or 
Brev ibacterium carrying a recombinant plasmid that contains the gene encoding an enzyme relating to the 
biosynthesis of arginine derived from glutamic acid-producing coryneform bacteria, as compared with the 
case where strains which do not carry such a recombinant plasmid are used. 

Examples of such strains include Corynebacterium glutamicum K64 (FERM BP-1114) and Corynebac- 
terium glutamicum K65 (FERM BP-1115). which were deposited with the Fermentation Research Institute. 
Agency of Industrial Science and Technology (FRI) on July 24. 1986. 

A certain specific embodiment of the invention is illustrated by the. following representative example. 
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Example 

(1) Preparation of chromosomal DNA of Corynebacterium acetoacidophilum ATCC 13870 

Seed culture (10 ml) of Corynebacterium acetoacidophilum ATCC 13870 cultured in NB medium (a 
medium consisting of 20 g/t bouillon powder and 5 g/l yeast extract pH 7.2) was inoculated into 400 ml 
of semi-synthetic medium SSM [a medium consisting of 20 g/I glucose. 10 g/t (NH,)2SO* .3 g/t urea i 
g/t yeast extract. 1 g/t KH 2 PO,, 0.4 g/t MgCh-eHjO, 10 mg/l FeSCWHjO. 0.2 mg/l MnSC^HjO. 0.9 
mg/t ZnSOi.7H,0. 0.4 mg/t CuSOi.SHsO. 0.09 mg/t NasBiOT-IOHjO, 0.04 mg/t (NH^OtOWHjO. 30 
ug/t biotin and 1 mg/t thiamine hydrochloride: pH 7.2], and was cultured with shaking at 30" C. The optical 
density at 660 nm <OD; hereinafter the optical density is measured at 660 nm unless otherwise spec.fied) 
was determined with a Tokyo Koden colorimeter, and when the OD reached 0.2. penicillin G was added to a 
concentration of 0.5 unit/ml. Culturing was further continued until the OD reached 0.6. 

The grown cells were collected from the culture broth and washed with TES buffer solution [0.03 M 
Tris(hydroxymethyl)aminomethane (hereinafter referred to as Tris). 0.005 M d.sod.um 
ethylenediaminetetraacetate (hereinafter referred to as EDTA) and 0.05 M NaCI: pH 8.0]. The washed cells 
were suspended in 10 mUof a lysozyme solution (25% sucrose. 0.1 M NaCI. 0.05 M Tris and 0.8 mg/mt 
lysozyme; pH 8.0). and subjected to reaction at 37'C for four hours. High molecular chromosomal DNA was 
isolated from the collected cells according to the method of Saito. et al. [Biochem. Biophys. Acta. 72. 619 
(1963)]. 

(2) Preparation of restriction-deficient and arginine-requiring mutants of Escherichia coH 

In order to facilitate the cloning of the gene of the enzyme relating to the biosynthesis of arginine 
derived from glutamic acid-producing coryneform bacteria which is a foreign gene in the Escherichia coli 
host-vector system, restriction-deficient and arginine-requiring mutants of Escherichia coli were obtained as 
described below to be used as host cells. 

Escherichia cofi K12 WA802 carrying host-specific restriction-deficient mutation (methionine-requirmg; 
FERM BP-718) was mutated by using 400 ylmL N-methyl-N'-nitro-N-nitrosoguanidine (NTQ) according to a 
conventional method [Experiment in Molecular Genetics. P. 125. Coldspring Harbor Laboratory (1972)], and 
arginine-requiring strains were selected according to the concentration method for an auxotroph using 
penicillin [Experiment in Molecular Genetics. P. 230. Coldspring Harbor Laboratory (1972)]. The mutant 
genes of these arginine-requiring strains were identified by measuring the activity of each enzyme relating 
to the biosynthesis of arginine according to the method described in Eur. J. Biochem.. 31. 290 (1972) for 
AGS and to the method described in J. Gen. Microbiol.. 69. 365 (1971) for AGK and AOD. As a result. EA-1 
was obtained as an AGS-deficient mutant strain. EA-21 as an AGK-deficient mutant strain, and EA-4 as an 
AOD-deficient mutant strain. 
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(3) Cloning of a DNA fraqment contain,™ ^ 

gment conta.nmg the gene relating to arginine biosynthesis 

Cloning was carried out bv usinn a h^* 
ampicillin and tetracaine) commercial av^Cm Sa Sh & PBR322 (resistant to 

s units of restriction enzyme Sphl (produrtTSuT ° °°- ^ was used as vector 10 

reaction solution for Sph, ^ l^TlT?^^' W added t0 200 « - ! 

Tnton X-100; pH 7.5) containing , Ug * pBR 3 2 in laL? MS ! mM ^ merca P^thanol and 0.01% 
Corynebacterium acetoaxidoofi ATCC 1 3870 declared ^w-n ^ * " ** chromos °™> ™A of 
reaction at 37-C for 60 minutesTand then held aTes-C 1 ST' ^ miXtUre was to 
ro resulting reaction mixture, were added 40m o T4 las Tt^ J ^'T* * St ° P reaction - T ° the 
Tnj 88 mM.MgCI, and 100 mM dithiothreitol; pH 7 2 4 uxTlOO 1'^™ 10HWd conc ^«on (660 mM 
of T4 Ugase (product of Takara Shuzo Co L td ) andtt 1°I ' 160 Ut 0f water and 3 0° "nits 

hours. The reaction mixture was use "fo In.f ♦ * W3S sub j ected »° reaction at 12'C for 16 - 
methionine-requiring) prepared inffl»^S ^ transformation of Escherichia coli EA-21 faroinin^n! 
« the method ofVi et E£n^ *S ^ * '^^^ w - P^d S^gto 
That is, EA-21 strain was inoculated in 50 mi , 
1 9/i glucose and 5 g/t Na CI; pH 7.2) anf cired a^^C unti, tn' B *? t0 - T ™°™- « ^ yeast extract, 
was cooled on ice for ten minutes, and then suwIcL t„ . , ° °° reached °- 5 - The culture broth 
for, were suspended in 20 ml of cooled 0 1 M cS ? ^entrrfugation. The cells collected by centrifuga- 
o 0-C for 20 minutes. The cells were again cXted h ^ and the sus P en *°n was allowed to stand * 
Cad, and the suspension was aNow^o *1 T^o^TbT" T "^"^ h °" 5 m < ™ 2 
suspens,on was added 50 al of the ligaseractiS, JL I ^ T ° 150 UJt of t"' 5 CaCl^reated cell 

added thereto, and shaking culture was carried ouiTwCfnJ^ s five 2 mt of L medium was 

*wce with physiological saline solution brcentrZttion l£ Z . T' ^ reSU ' tin9 CU,tUre was wa ^ d 
agar plate medium [2 g/t g fucose , , /x ^3o?S J Zl ? C „ e " S were s P read °" the Davis' minimal 
g/t trisodium citrate. 4 mg/t thiamfne hSSc^^LS'To/! ^ ^ ^ 8/1 M ^-™,C,05 
meth,on,ne and 50 ug/mi ampicillin. and cultured a^ 30- clr f *t ^ PH ^ contai ™9 30 ug/ ml 
-cultured ce„s of the transients thus ^JlT^^ 

^Sa^a^^ -owed by agarose ge, electrophoresis 

as above and selecting based on ^l^nZllS T'" ^ ^ h tfie manner 

.solated therefrom had the same structure ^7^^^ ■ nd that the P-«mS 

tenum acetoacidoohilum ATCC 13870 that relaWiJ . J ^ 9 u md,ca tes that the gene of Corynebac- 
AGK-deficient mutants of Escherich.a i cofwhS L° Sy " theSiS ° f ™ Snz *™ ha ^g an ac Cvgto alter 
^ kTz C ' 0ned ° n PCar9T ^n-ne-requirement to non-arginTne-requiring strains 

^f^S^ mutant strain EA-1 and 

K12 stram and prepared in (2) above with p^rgl^e^ d6fiVed fr ° m ^^richia co.i 

am P ,c,ll,n resistance had no arginine-requirement jS? SCL T"" 35 ^ a " d ^'ecting based"^ 
coding for enzymes having activities to , alST AGsLir 5 PCarg1 also contains the genes 

Htienchiacoli which have arginine-requ reme nt to nlTJ and ^^eficient mutants of t 

WA802 strain which -carries oCami ZTSSS^J i°n-argm,ne-requiring strains. - 
AGK activity. AGPR activity, ^ct^^^*** d ° 6S " 0t c ^ PC-gl were examined for 

(1970)]. the method of Vogel. et al. [Methods in &SH^' ? En2 y mo,0 9y. 2Z (Part A). 255 

Prescott. et al. [Anal. Biochem.. 32 408 n9Rqii r 9 *' — (Part A)l 260 ( 1970 )] and"the method of 

three times higher Sch^^vT^ ^ exhibTtad more 

coding for AGK. AGPR. AOAT and OCT Wh ' Ch md,cates that PCargi contains the genes 

It is clear from the results obtained above that oCami ~ • . 
a £^ a g?^um ATCC 13870 and coding for ^GK IIpr^aoI^ ^octT ^ ^ SSEyneb^ctari^ 
alter AGS-deficent mutants and AOD-deficient mutants of ^ ^ ,• " d e " 2ymes hav *ng activities to 
to non-arginine-requiring strains. " tS ° f ■ Eschericn,a £2" which have arginine-requirement 
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^4) Preparation of plasmid pCarg11 

v' H^+h F<;rherichiacoli and glutamic acid-producing 
A shuttle vector pCarg11 capable of ^^^^^^^^ with vector plasmid pCQll 
coryneform bacteria was prepared by ™ omb ™ b Z** Z«eT 

which is replicable in glutamic acid-produang «nrne^ J*^£ CQrvne bacterium and Brevibac- 

pCQll is a plasmid vector replicable .n r™^"Z*^J^ ^i was const ructed by the 
terium . which carries a streptomycin-spectmomyan res.stance gene, poarg 

process described below. ^1833 carrying pC611 according to the 

PCG11 was isolated from Corynebacterium flSfflg^^^TlisOttBa. To 100 ul of a 
method disclosed in Japanese ^^^^J^TST^ and 10 mM MgC* P H 7^5) 
reaction solution for restncton enzyme |gill ( 0 mM Tns ^ ^ ^ ^ ^ 

containing 2 U.g of P CG11 DNA. was added 6 "^5^^^ a t 65°C for 30 minutes to stop 
mixture was subjected to reaction at 37' C for ^^^^^ of Takara Shuzo Co.. Ltd.) was 
the reaction. Separately. 6 units of restnct,on ^ NaCl ^ 10 mM MgCte P H 7.5) 

added to 100 ul of a reaction solution for BamHI (10 mM Tns. ™>™ at 37-C for two hours, and then 
containing 2 ug of P Carg1 DNA. and ^ J**^,^ were mixed together, 

heated at 65'C for 30 minutes to stop the r ^^^^ A ul oi 10 0 mM ATP. 150 at of water 
and 40 Ul of T4 ligase buffer solution at a l^^T^' added ^reto. The mixture was 

and 300 units of T4 ligase (product of Takara Shuzo Co, UJU we ^ ^ . n ^ 

, subjected to reaction at 12-C for 16 hours ^ si °^l°^^ e ^ oma nis thus formed were 
same manner as in (3) above using ft. ^™«™2Zg J methionine and 100 ug/ml 
spread on the Davis' minima, agar ^J^^J^S^M and non-arginine-requiring trans- 
spectinomycin. Plasmid DNA was .solated from a ^ et ^ rj . Bactenol ., wo. 400 (1979)]. 

formant grown on this plate medium accord.ng «**™^/°% gam ^ ge , electrophoresis, revealed 
s Analysis by digestion with venous ^^^^S^^ at the single Be... cleavage s.te 

r*rjr^^ (re,er to Rgure 1) - ^ p,asmid was nam 

pCargl 1 . . _ | ^ . whirh were derived from Escherichia coli K12 t were 

Ix&s sr^r v rr„rr;r sir— «r=~ • «~ 

AOAT and OCT activities according to the same methods J* > n facts ., ndicate tnal pC argl1 

exhibited more than three times ^T TcT an^tn^ enzymes having activities to atter 
^S-^Z^Xr^ SS^^S^SS. *** - arg—irement to 

"TSTTasfte^s^'for transforming Corynebac^ ^^^-^^^ 
methodsdescribed in Japanese Published obtained seed culture was 

40 The cells of ATCC 31833 strain were cultured m NB medium and OA OO reached 

inoculated in 40 ml of SSM medium, and subjected to shakmg culture at 3 ^ ^ 

0.15. penicillin G was added to a finah -n 6 *^^ «=e.ls were suspended in 5 ml of 

grown cells were collected when the OD '^J^^J^ZnA 3.5 g/t ttHPO. 1.5 g/1 KH s PO„ 
RCGP medium [5 g/1 glucose. 5 g/1 Casam.no 9ad ' 2 ^^^^ \ 9 mg /i Z nS0 1 .7H l 0. 0.04 mg/l - 
« 0.41 g/t MgOi*W>. 10 mg/l FW0-.7W). 2 ^'^SwdTlM Jl ^ium succinate and 30 g/1 
(NH^Mo^HiO. 30 ug/1 biotin. 2 ^ *^ ™ to make up about 10* cells per 

polyvinylpyrrolidone (M.W, 10.000): pHTJJ ^J^ 1 ^ to gent le shaking culture at 30-C 

milliliter, and the suspension was transferred .nto an L tuDe ana i ^ and 

for 15 hours to make protoplasts. The protoplast ^protoplasts were then suspended 

so centnfuged for five minutes at 2.500 . * c ,tc > separate ^^J^J^ ^ mM sucro se; P H 7.5) 
in 1 ml of TSMC buffer so.ut.on (10 mM MgC uJQ m ^ resuspended in 0.1 ml of TSMC buffer solution, 
and washed by centrifugation. and the washed J^ re ^f d P8 concentration and pCargll plasmid DNA 
100 Ul of a 1:1 mixture of TSMC buffer so.ut.on at a ^ of ° d ~ buffer solution containing 20% 
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iuu m oi « - . in mf Q f TSMC butter solution wiho y 

solution was added to the suspension, and 1-0 ™ l ° T dded tneret0 . After three 

polyethylenegiycol (PEG) 6000 (product of gTremove the supernatant The 

minutes, the resulting mixture was centnfuged for five minutes at 2,buu g 
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precipitated protoplasts wer 

5 The spectlnomycin-resistant t™ * spectmomycin. 
SSM medium. Penicillin G !S * ansfor mant thus grown was subjected m ch 

and shaking cuJe w«lnf l ° 3 fina ' eventration TotuJj Ct * WB 400 m < of 

broth -erelashi J^STuS' T ^ °° ^ t Te.ls ^ °° ~ Ched 0 ' 15 - 

reaction at 37-C for four ho!^ r T^"* 1 ' sus P e ^ed in 10 mi 0 f a Ivsol" fr6m fne c ^ 

and the resulting rntur! L " mt 0f so,ution comprising ^^sodtL ? d * 4 ml of 5 M N aCI. 0.6 

transferred int ^cSSL Tj™! ^ and ^ed £ £ S if te and 0.7 M NaCI. 

^o ver the supernal ^nnnT SUt "' eCted t0 <*ntri'ugation at 69 00 °^ ^ wno,e *«» was 
by weight was added to 7e!T (PndUet °' Nakarai C ^mL S LW Hn an 1° 31 4 °° f ° r 60 minute * *> 
» ten hours. pe ,, e ts we^ ver Td "* "" m,XtUre WaS «SrS ST COrreSpondin 9 to 10% 

mx of TES buffer solu ^T^f fT**"*" « ^00 * gVJo S utes ^ ^ ° n ice " A *<* 
chloride was further added 5 mg/mi ethidi "m bromide soluZ? 9e " t,y dissolved in 5 

thus obtained ^ sl^eTtoT diSS °' Ved to ad ^ ** ^ TL S and cesi "m 

circular ONA was detected 1 a : ,traCentrifu 9 a «on at 105.000 *7jf ScT?.* U58 °- ^ SO,ution 
» under UV irradiation. m^Zl ™ * * ^ densi * « *L lower ooliL * ^ ^ * C,osed 
whereby p.asmid was isolated SS 2?"? fr0m the side <* the ^0^!^ ** CanW *' 8B tUbe 
""propyl alcohol solution ( 9-i* ^LT^ WaS freated *• mes £J an" mea " s of a 

restriction en 2ymes P ^ had the sa ™ structure as pCargli chS^?*? 0 ^ e,ectro Pn°resis. 
Expression of the genes contains - r. pattem with 

strain) was inoculated into S °T IV**" as explained bZ^Z iff 7 ^ PC^TSS 
medium for the strain c^Jno nr SSM m6dium < 10 ° «0*M spec«no m ^ CU ' ture < 10 mi for each 
- about 3. The cells co,.e«"d^^^ and subjected to shaking cZ?""^ added -ly to the 
mM dithiothreitol; pH 7 2) and ? 6 br0th Were was "ed with buierl, ? the 00 reach ed 

ultrasonic treatment for 20 mtl? f h 10 mX ° f buff ^ solution A Th e ° '°" A °° ™ M Tris and 1 
cells in the suspension anHe rii °" * Mc ~* ^ Co t d ^ U , SP r sion Was Sub ^ted to 

(RPR 20-2 rotor; Hitachi Ttd ) The?" ^ Ce " SUSpenSion ™ ^uoeTT^n^ ?> t0 ^ the 
solution A at 4-C for six hours "to^f SUpematant wa s recovered and dSen L ° ^ f ° r 40 minutes 
The crude «*y££^IZ? H *Z ° W m0 ' eCU,ar ^stances " *" ^ * gainst 1 of buffer 

viTe?,^^^^ — - the method of 

31833 strain carrying P CaS^ e °iT/ ? ^ A) " 260 VWllS £Z1 "T^ 9 * the method 
AOAT as compaTed 9 ^ ? n 1 e 1 ^* ltad 30 «mes higher activity IoTaGk^ i^T 0btained fram AT ^ 
PCargn. This fact indicates t£ ^ ° btained *«" ATCC 3?™ 1 0 t,mes Wflhar activity for 

coryneform bacteria. 9<3nes in PCargn 

can be f>Yr>rac~ • ' w " lcn doss not carry 
The pCargi lurrying transfn expressed ,„ glutarnjc acid . producj 

A mutant plasmid which is canahi , • m.croorganism 

1 ° K Gen - Gene *-. 145. 101 (1978)] 
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oCarqll was isolated from Corvnebacterium qlutamicum K64 (PERM BP-1114) according to the 
njS^ , <4> above. P^fi^--^ 

10? a wS used to transform Corvnebacterium qlutamicum ATCC 31833 .n the same manner as in (4) 

" ^30^ 72 i coring, me culture ...ate was subiected » pepe. *«™£>£* 

. L^ou* o, L-ar 9i n„» produced wee deterr** », -^,^^^^55??^^ 

which markedly surpass Corvnebacterium qlutamicum ATCC 31833 strain carrying poarg. a 
oroduS were selecte d. Plasmid DNAs were isolated from these strains ,n the same manner asin (4) 
^TZ^Zb subjected to structural analysis by digestion with various restriction enzymes followed 
^S^^EcUl^-. « was found that these p.asmids had the same ^^^^^^ 
mao as that of pCargll. Of these, the plasmid isolated from the strain with the highest L-arg n.ne 
SSuSJTwL named P Carg1l0. The strain carrying pCarg110 has been deposrted with FRI as 

S^W'ES^SS^S^^l - PCargll. Table 1 shows the resu.ts of L 
described in (4) above. 



Table 1 



S train 



Amount of L-arginin* 
produced (g/2-) 



Corvnebacterium qlutamicum ATCC 31833 
Corvnebacter ium qlutamicum 

ATCC 31833/pCargll (K64' FEEM BP-1114) 
Cor vnebac ter ium qlutamicum 

ATCC 31833/pCargllO (K65 FERM BP- 1115) 
Corvnebacter ium qlutamicum 
ATCC 31833/pEargl 



0 

0.1 
3.2 
1.6 



(6) Production of L-arginine by the strains carrying pCargll or pCargllO 

Corvnebacterium herculis ATCC 13868 and Brevibacterium fjavum ATCC 14067 were transformed by 
5 o usinf^^pCiriTTo in the same manner as in (4) above. .J^^S^JS: 
obtaLd spectinomycin-resistant transformants in the same manner as in < 4 ^J2^JS3Tlt^I 
^aTyzed by digestion with various restriction enzymes, followed by agarose gel electrophoresis. It was 
confirmed that these transformants carried pCargll or pCargllO. 

L-arqinine production test was conducted in the same manner as in (5) using the ' stra ' n ^ rry '"9 
55 pCa^gl PCargllO or P Earg1 (Japanese Published Unexamined Patent Application No. 66989/85) and 
those .which do not carry any one of these plasmids. The results are shown .n Table 2. 
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Table 2 



Strain 

Corvncbacf-rinn herculis ATCC 133S8 
CorvnebarThorf.. 1 herculis 

ATCC 13 863/pCargil 
Corynebar^ri,^ herculis 
ATCC 13868/pCarglio 
CorvnebafTt-ar^.n, herculis 

ATCC 13868/pEargl 
Brevibacterinm flavum ATCC 14067 
^i^teriujn flavum ATCC -14067/pCargll 
f^^^a flavum ATCC 14067/pCaroli 0 
B revibacterirn n flavum ATCC 14067/pEargl 



Amount of L-arginine 
produced (g/£) 

0 

0.2 



2.5 
1.8 

0 

0-1 
2.0 
1.0 



t Claims 



2. A process according to claim 1. wherein said ™£ ? recov ering L-arginine therefrom 
one member selected fmm wnerem said genetic information relate* tn \ .u . c om- 

3. A recombinant ON A comnncan 

7-glutamyl-phosphate reductase. S^SiEf ^ C ° nSiStinS ° f ^tylglutamate ££f2J£J? 

5SS~ » =5SS=?«* -"S535SS 

4. A microorganism belonaino tn fho ^ 
recombinant DNA composed of a vector DNA ^l fiST"*** ° r ^Si^acterium which carries a 
to *e gen us Co^c^lym or Brevibattet^^^ beTonging 
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arginine-requirement to non-arginine-requiring strains, and an enzyme having an activity to alter N- 
acetylornithine deacetylase-deficient mutants of Escherichia coli which have arginine-requirement to non- 
arginine-requiring strains. 

5. Corynebacterium glutamicum K64 (FERM BP-1114). 

6. Corynebacterium glutamicum K65 (FERM BP-1115). 
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